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MICROWAVE PLASMA PROCESSING SYSTEM 
BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates generally to a microwave 

plasma processing system which is designed to produce plasma in 
a processing vessel by microwaves introduced from an antenna. 
More specifically, the invention relates to the improvement of 
a wave guiding structure of the antenna. 

10 Description of the Related Art 

FIG. 5 shows an example of a conventional microwave plasma 
processing system. The microwave plasma processing system shown 
in FIG. 5 comprises a processing vessel 1 having a transmission 
window 10 capable of transmitting microwaves. On the top of the 

15 transmission window 10 of the processing vessel 1, a microwave 
antenna 102 is mounted. 

The antenna 102 serves as a thin cylindrical waveguide, 
and the bottom thereof is formed with a plurality of slots 106 
which are appropriately distributed. The central portion of the 

20 antenna 102 is connected to a coaxial line 104. The coaxial line 
104 comprises an inner conductor 104a and an outer conductor 104b. 
Through the coaxial line 104, microwaves are supplied to the 
antenna 102 from a microwave supply source (not shown). 

The microwaves supplied to the antenna 102 through the 

25 coaxial line 104 are radiated downwards from the slots 106 while 
being propagated outwardly in radial directions from the central 
portion of the antenna 102. When the microwaves reflect on the 
outer peripheral portion of the antenna 102 to be returned, the 
microwaves traveling outwardly and inwardly in radial directions 

3 0 interfere with each other to produce standing waves* 

The microwave plasma processing system shown in FIG. 5 
comprises a supporting table 12 provided on the bottom of the 
processing vessel 1. In the bottom of the processing vessel 1 
corresponding to the surrounding of the supporting table 12, an 

35 exhaust port 13 for evacuating the interior of the processing 
vessel 1 is formed. At an appropriate position in the upper 
portion of the processing container 1 , an introducing pipe 14 
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for introducing a process gas or the like is provided. 

The microwave plasma processing system is designed to 
produce the plasma of the process gas with microwaves, which are 
introduced from (the slots 106 of) the antenna 102, in the 
5 processing vessel 1 which is held at a predetermined degree of 
vacuum. With the produced plasma, various intended plasma 
processes , such as deposition or etching processes , can be carried 
out with respect to an object W to be processed (e.g., a 
semiconductor wafer or a LDC substrate) on the supporting table 
10 12. 

In the above-described microwave plasma processing system, 
there is the following problem. That is, because of the structure 
that microwaves are radially propagated in the antenna 102, the 
radial distribution of the microwaves introduced into the 
15 processing vessel 1 from the antenna 102 is difficult to be uniform. 
For that reason, there is a problem in that the uniformity of 
the plasma processing for the object W to be processed in the 
processing vessel 1 decreases. 

In accordance with processing conditions, there are some 

2 0 cases where it is not the best to simply obtain the radially 

uniform intensity of microwaves in the antenna 102 in order to 
improve the uniformity of the plasma process with respect to the 
object W to be processed. In such cases, it is required that the 
radial distribution of microwaves introduced into the processing 
25 vessel from the antenna can be optimally set in accordance with 
processing conditions. 

SUMMARY OF T HE I NV E NTIO N 
It is therefore an object of the present invention to 

3 0 eliminate the aforementioned problems and to provide a microwave 

plasma processing system capable of optimally setting the radial 
distribution of microwaves, which are introduced into a 
processing vessel from an antenna, in accordance with processing 
conditions . 

3 5 in order to accomplish the aforementioned and other objects , 

according to the present invention, there is provided a microwave 
plasma processing system comprising: a processing vessel; an 
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antenna for introducing microwaves into the processing vessel; 
a microwave supply source for supplying the microwaves to the 
antenna; and a connecting waveguide for connecting the microwave 
supply source to the antenna , wherein a plasma is produced in 
the processing vessel by the microwaves introduced from the 
antenna, the antenna having a plurality of substantially 
ring-shaped antenna waveguides which are substantially 
concentrically arranged , each of the antenna waveguides 
comprising a rectangular waveguide having a wall in which a 
plurality of slots are formed at intervals, the proximal end 
portion of each of the antenna waveguides being connected to the 
connecting waveguide. 

According to the present invention, there is also provided 
a microwave plasma processing system comprising: a processing 
vessel having a microwave transmittable top wall; an antenna 
mounted on the top wall of the processing vessel; a microwave 
supply source for supplying said microwaves to the antenna; and 
a connecting waveguide for connecting the microwave supply source 
to the antenna, wherein a plasma is produced in the processing 
vessel by the microwaves introduced from the antenna, the antenna 
having a plurality of substantially ring-shaped antenna 
waveguides which are substantially concentrically arranged, each 
of the antenna waveguides comprising a rectangular waveguide 
having a bottom wall in which a plurality of slots are formed 
at intervals, the proximal end portion of each of the antenna 
waveguides being connected to the connecting waveguide. 

According to these plasma processing systems, it is 
possible to change the intensity of microwaves by adjusting the 
dimension of the cross section of each of the antenna waveguides 
and adjusting the dimension of each of the slots and the interval 
between adjacent slots every antenna waveguide. Therefore, the 
radial distribution of microwaves introduced into the processing 
vessel from the antenna can be optimally set in accordance with 
processing conditions. Thus, for example, it is possible to 
remarkably improve the uniformity of a plasma process in the 
processing vessel. 

In the above-described plasma processing systems, at least 
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one of the antenna waveguides of the antenna is preferably 
provided with aperture variable device for varying the size of 
an aperture at the proximal end portion. Thus, the intensity of 
microwaves distributed to a corresponding one of the antenna 
5 waveguides can be adjusted by varying the dimension of the 
aperture in the proximal end portion of the corresponding antenna 
waveguide by the aperture variable device- Therefore, the radial 
distribution of microwaves introduced into the processing vessel 
from the antenna can be freely changed in accordance with the 
10 variation in process conditions. 

The terminal end portion of each of the antenna waveguides 
of the antenna may be closed with a conductor or a microwave 
absorber . 

The connecting waveguide may extend to the proximal end 
15 portion of the innermost one of the antenna waveguides in a 
substantially radial direction with respect to each of the antenna 
waveguides. In such a case, the terminal end portion of the 
connecting waveguide may be closed with a conductor or a microwave 
absorber . 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood more fully from 
the detailed description given hereafter and from the 
accompanying drawings of the preferred embodiments of the 
25 invention. However, the drawings are not intended to imply 
limitation of the invention to a specific embodiment, but are 
for explanation and understanding only. 
In the drawings: 

FIG. la is a horizontal sectional view of an antenna, which 
3 0 schematically shows the first preferred embodiment of a microwave 
plasma processing system according to the present invention; 

FIG. lb is a longitudinal sectional view schematically 
showing the system shown in FIG. la as a whole; 

FIG. 2 is an enlarged view showing a part of slots in the 
35 antenna shown in FIG. lb; 

FIG. 3 is a horizontal sectional view of an antenna portion, 
which schematically shows the third preferred embodiment of a 
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microwave plasma processing system according to the present 
invention; 

FIG. 4a is a horizontal sectional view of a connecting 
waveguide, which schematically shows the fourth preferred 
5 embodiment of a microwave plasma processing system according to 
the present invention; 

FIG. 4b is a longitudinal sectional view schematically 
showing a principal part of an antenna of the system shown in 
FIG. 4a; and 

10 FIG. 5 is a longitudinal sectional view schematically 

showing a conventional microwave plasma processing system. 

J DESCRIPTION OF THE PREFERRED EMBODIMENTS 

" n *J Referring now to the accompanying drawings , the preferred 

fft 15 embodiments of the present invention will be described below. 

Cm FIGS, la through FIG. 4b show the preferred embodiments of a 

• fi microwave plasma processing system according to the present 

s_ invention. In the preferred embodiments shown in FIGS, la 

;Ti through 4b f the same reference numbers are given to the same 

£3 2 0 elements as those in the conventional example shown in FIG. 5. 

J» First Preferred Erobodjument 

L* Referring to FIGS, la, lb and 2, the first preferred 

embodiment of a microwave plasma processing system according to 
the present invention will be described below. 

2 5 [Construction] 

In FIG. lb, the microwave plasma processing system in this 
preferred embodiment comprises a substantially cylindrical metal 
processing vessel 1. On the top wall of the processing vessel 
1, a transmission window 10 of a microwave transmittable 

3 0 dielectric, e.g. quartz, is provided. On the top of the 

transmission window 10 of the processing vessel 1, a microwave 
antenna 2 is mounted. 

The plasma processing system further comprises a microwave 
supply source 3 for supplying microwaves to the antenna 2, and 
3 5 a connecting waveguide 4 for connecting the microwave supply 
source 3 to the antenna 2 . The microwave supply source 3 comprises 
a microwave oscillator for oscillating microwaves of, e.g. , 2.45 



GHz . The connecting waveguide 4 comprises , e . g . , a single 
rectangular waveguide. 

As shown in FIGS, la and lb, the antenna 2 has two 
ring-shaped antenna waveguides 5a and 5b which are substantially 
5 concentrically arranged . In the following preferred embodiment , 
the use of an antenna having a double-waveguide structure of such 
two substantially ring-shaped antenna waveguides which are 
substantially concentrically arranged will be described. 
However, the present invention should not be limited thereto, 
10 but an antenna having a multiple-waveguide structure of three 
or more substantially ring-shaped antenna waveguides which are 
substantially concentrically arranged may be used. The 
descriptions in the case of three or more antenna waveguides will 

be hereinafter shown with mark 
15 Each of the antenna waveguides 5a and 5b is formed by a 

rectangular waveguide, the bottom wall (H-plane) of which is 
formed with a plurality of slots 6a or 6b , and the proximal end 
(mouth) portions 7a afod 7b thereof are connected to the connecting 
V yraveguide 4. The connecting waveguide 4 extends to the proximal 
^fo^/end portion 7a of the innermost antenna waveguide 5a substantially 
radially with respect to^he antenna waveguides 5a and 5b. The 
termin al end portion 4a orVthe connecting waveguide 4 is closed 
with a microwave absorber. 

The termiiial end portions 8a and 8b of the antenna 
25 waveguides 5a and Tib are closed at the side portions of the 
connecting waveguide\ with microwave absorbers, respectively. 
In the proximal end portions 7a and 7b of the antenna waveguides 
5a and 5b, aperture size variable control gates ( aperture variable 
device) 9a and 9b are provided. 
3 0 As shown in FIG. lb, the plasma processing system further 

comprises a supporting table 12 which is provided on the bottom 
of the processing vessel 1 . In the bottom of the processing vessel 
1 corresponding to the surrounding of the supporting table 12, 
an exhaust port 13 for evacuating the interior of the processing 
3 5 vessel 1 is formed. At an appropriate position in the upper 
portion of the processing vessel 1, an introducing pipe 14 for 
introducing a process gas or the like is provided. 
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Microwaves supplied from the microwave supply source 3 to 
the antenna 2 through the connecting waveguide 4 are introduced 
from the proximal end portions 7a and 7b of the respective antenna 
waveguides 5 a and 5b through the apertures of the control gates 
5 9a and 9b. The introduced microwaves are radiated downwards from 
the respective slots 6a and 6b (or leaked as an evanescent field) 
while being propagated in the respective antenna waveguides 5a 
and 5b in circumferential directions (clockwise and 
counterclockwise, respectively) . 

10 The microwave plasma processing system is designed to 

produce the plasma of the process gas with the microwaves, which 
are introduced from (the slots 6a and 6b of) the antenna 2, in 
the processing vessel 1 which is held at a predetermined degree 
of vacuum. With the produced plasma, various intended plasma 

15 processes , such as deposition or etching processes , can be carried 
out with respect to an object W to be processed (e.g., a 
semiconductor wafer) on the supporting table 12. 

The dimension of the slots 6a and 6b of the respective 
antenna waveguides 5a and 5b constituting the antenna 2 will be 

2 0 described herein. In FIG. 2, assuming that a guide-wavelength 

of microwaves is A, the width L of each of the slots 6a and 6b 
is generally set to be its half -wave length ( A/2) or less. The 
interval D between circumf erentially adjacent slots 6a and 6b 

can be optionally in the range of the guide-wavelength A or less. 
25 Although the setting of the slot interval D is strictly 

determined by the guide-wavelength and a wavelength in vacuum, 
it can be substantially classified into the following ( 1 ) through 
(3). 

(1) The slot interval D is set to be equal to the guide- 

3 0 wavelength A * In this case, microwaves are radiated as 

electromagnetic waves in a direction perpendicular to the bottom 
wall of the antenna 2 (the respective antenna waveguides 5a and 
5b) . 

(2) The slot interval D is set to be shorter than the 
35 guide-wavelength A and longer than the half guide-wavelength ( A 

/2). In this case, microwaves are radiated as electromagnetic 
waves mainly in the opposite direction to their traveling 
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direction and in a direction acute to the bottom wall of the 
antenna 2 (the respective antenna waveguides 5a and 5b). 
(3) The slot interval D is set to be the half guide-wavelength 
( A/2 ) or less. In this case, microwaves form an evanescent field 
without being radiated as electromagnetic waves. 
[ Functions and Effects ] 

With such constructions/ the functions and effects of this 
preferred embodiment will be described below. 

According to this preferred embodiment, the intensity of 
microwaves can be changed by adjusting the size of the guide 
cross-section and the dimension and interval of the slots 6a and 
6b of the respective antenna waveguides 5a and 5b. Therefore, 
the radial distribution of microwaves introduced into the 
processing vessel 1 from the antenna 2 can be optimally set in 
accordance with processing conditions. Thus, for example, the 
uniformity of the plasma processing in the processing vessel 1 
can be remarkably improved. 

By changing the aperture size of the proximal end portions 
7a and 7b of the antenna waveguides 5a and 5b by the control gates 
9a and 9b, the intensity of microwaves distributed to the 
corresponding antenna waveguides 5a and 5b can be adjusted. 
Therefore, the radial distribution of microwaves introduced into 
the processing vessel 1 from the antenna 2 can be freely changed 
in accordance with the variation in processing conditions and 
so forth. 

The intensity of microwaves distributed to each the inside 
and outside antenna waveguides 5a and 5b is generally set so that 
the intensity of microwaves distributed to the outside antenna 
waveguide 5b is equal to or greater than that to the inside antenna 
waveguide 5a, as in the range of, e.g. , from 50:50 to 25:75. This 
corresponds to the fact that the sectional area per unit radial 
length increases as the radius increases. 
[Modified Examples] 

In this preferred embodiment, while the terminal end 
portion 4a of the connecting waveguide 4 has been closed with 
fthe microwave absorber, theNterminal end portion 4a may be closed 
With a conductor. In such asase, microwaves in the connecting 



9 



1 



waveguide 4 reflect on the terminal end portion 4a to form standing 
waves. Therefore, \n order to adjust the phase of microwaves in 
the connecting waveguide 4 with respect to each of the antenna 
waveguides , the following setting of dimension is carried out. 

That is, the central position of the proximal end portion 
7a (gate position) in the inside antenna waveguide 5a the 
innermost antenna waveguide) is set to be radially spaced from 
the central position of the terminal end portion 4a of the 
connecting waveguide 4 by a distance [n times as long as the half 
i guide-wavelength ( A /2 ) plus the quarter guide-wavelength ( A 

/4j n( A/2) + A/4 , where n is 0 or a natural number (which 

is hereinafter the same) ] . The central position of the proximal 
end portion 7b in the external antenna waveguide 5b ( $K the second 
and subsequent antenna waveguide from the inside) is set to be 
» radially spaced from the central position of the proximal end 
portion 7a of the inside antenna waveguide 5a (5& the innermost 
antenna waveguide) by a distance [a natural number times as long 

as the half guide-wavelength (A/2)]. 

In tm_s preferred embodiment, while the terminal end 
0 portions 8a and 8b of the respective antenna waveguides 5a and 

5b have been closed with the microwave absorbers, the terminal 
J^v- end portions 8a\and 8b may be closed with conductors. In such 

a case, microwaves in the respective antenna waveguides 5a and 

5b reflect on the terminal end portions 8a and 8b to form standing 
5 waves, respectively- Therefore, the length of each of the 

antenna waveguides 53i and 5b is set to be [n( A/2 ) + A/4 ] to adjust 

the phase of microwaves. 

Second Preferred Embodiment 

The second preferred embodiment of a microwave plasma 
0 processing system according to the present invention will be 

described below. 

This preferred embodiment is substantially the same as the 

first preferred embodiment shown in FIGS. 1 and 2, except that 

the control gate 9a of the inside waveguide 5a (%< the innermost 
5 antenna waveguide) in the first preferred embodiment is omitted. 

Therefore, referring to FIG. la, this preferred embodiment will 

be described without the need of another figure. 
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Also in\this preferred embodiment, the terminal end 
portions 8a and \b of the respective antenna waveguides 5a and 
5b may be closed with the microwave absorbers or the conductors . 
In the case of thes conductors, microwaves in the respective 
antenna waveguides 5*a and 5b reflect on the terminal end portions 
8a and 8b to form startling waves, respectively. Therefore, the 
length of each of the antenna waveguides 5a and 5b is set to be 
[n(A/2) + A/4] to adju\t the phase of microwaves. 

In the case of the conductors, the central position of the 
proximal end portion 7b (gate position) in the outside antenna 
waveguide 5b the second antenna waveguide from the inside) 
is set to be radially spaced from the central portion of the 
terminal end portion 7a (gate position) of the inside antenna 
waveguide 5a ($K the innermost antenna waveguide) by a distance 
[a natural number times as long as the half guide-wavelength ( A 
/2)]. (58 With respect to the second and subsequent antenna 
waveguides from the inside, the distance between the centers (the 
distance between the gates) of the proximal end portions of 
adjacent antenna waveguides is set to be a distance [a natural 
number times as long as the half guide-wavelength (A/2)].) 

In this preferred embodiment, by changing the aperture size 
of the proximal end portion 7b of the outside antenna waveguide 
5b ( ^ the second and subsequent antenna waveguides from the 
inside) by the control gate 9b, the intensity of microwaves 
distributed to the respective antenna waveguides 5a and 5b can 
be adjusted. In this case, the intensity of microwaves 
distributed to the inside antenna waveguide 5a (£K the innermost 
antenna waveguide) is the residual intensity which is obtained 
by subtracting the intensity of microwaves distributed to the 
outside antenna waveguide 5b ( the second and subsequent antenna 
waveguides from the inside) . 
Third Preferred Embodiment 

Referring to FIG. 3, the third preferred embodiment of the 
present invention will be described below. 

This preferred embodiment is substantially the same as 
the above-described first preferred embodiment, except that an 
antenna 2' shown in FIG. 3 is substituted for the antenna 2 in 




the above-described first preferred embodiment . 

In this preferred embodiment, the antenna 2 9 shown in FIG. 

3 has substantially ring-shaped antenna waveguides 5a' and 5b' , 

each of which has a substantially rectangular profile in its 
x 5 horizontal cross section. Other constructions of the antenna 2' 

are the same as those of the antenna 2 in the above-described 

first preferred embodiment. 

The shape of the corner portions of each of the antenna 

waveguides 5a' and 5b' should not be limited to a circular shape 
10 shown in FIG. 3, but it may be a straight chamfered shape (in 

such a case, the whole profile is substantially octagonal) . The 

shape of the basic profile of each of the antenna waveguides should 
h i not be rectangular, but it may be a polygon, such as a pentagon, 

-=4 if it is substantially ring-shaped as a whole. 

f ~ 15 Fourth P referred Embodiment 

EH Referring to FIGS. 4a and 4b, the fourth preferred 

?1 embodiment of the present invention will be described below, 

a This preferred embodiment is substantially the same as 

If. the above-described first preferred embodiment, except that an 

q 2 0 antenna 2" shown in FIGS. 4a and 4b is substituted for the antenna 

SH 2 in the above-described first preferred embodiment, 

rf As shown in FIGS. 4a and 4b, in the antenna 2" in this 

preferred embodiment, a connecting waveguide 4' is provided on 
the top of each of antenna waveguides 5a and 5b. On the bottom 
25 wall (E-plane) of the connecting waveguide 4' , slots 40a and 40b 
corresponding to the respective antenna waveguides 5a and 5b are 
provided. Microwaves are supplied to the respective antenna 
waveguides 5a and 5b from the connecting waveguide 4' through 
the corresponding slots 40a and 40b. Other constructions of the 
3 0 antenna 2" are the same as those of the antenna 2 in the 
above-described first preferred embodiment. 
Other Prefe rred Embodiments 

In the above-described preferred embodiments, while the 
substantially concentrically arranged antenna waveguides have 
35 been arranged so as to be directly adjacent to each other via 
the side walls of the waveguides , a substantially concentric space 
may be provided between the antenna waveguides. The traveling 
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direction of microwaves introduced into each of the antenna 
waveguides should not be limited to the direction in the 
above-described preferred embodiments , but it may be optionally 
determined . 

5 In all of the above-described preferred embodiments, a 

plurality of microwave supply sources corresponding to the 
respective antenna waveguides may be provided, and waveguides 
such as rectangular waveguides extending from the respective 
supply means may be connected to the respective antenna waveguides 
10 for independently supplying a power to the respective antenna 
waveguides. 

In the above-described preferred embodiments, an RF bias 
applying means may be connected to the supporting table 12 (FIG. 
lb) for applying an RF bias power thereto. Also, a magnetic field 

15 generating means may be provided around the processing vessel 
1 (FIG. lb) for producing plasma by the ECR (Electron Cyclotron 
Resonance) due to the interaction between a microwave field and 
a magnetic field. 

While the present invention has been disclosed in terms 

2 0 of the preferred embodiment in order to facilitate better 
understanding thereof, it should be appreciated that the 
invention can be embodied in various ways without departing from 
the principle of the invention. Therefore, the invention should 
be understood to include all possible embodiments and 

25 modification to the shown embodiments which can be embodied 
without departing from the principle of the invention as set forth 
in the appended claims. 



